Despite intense efforts to find an accurate and rapid diagnostic method for pulmonary tuberculosis, the classic laboratory tests such as sputum smear and mycobacterial culture still remain the most widely used diagnostic procedures. An estimated 5,000 to 10,000 organisms/ml of sputum are required for smear positivity.[@ref1] The sensitivity of acid-fast smears varies from 47% to 65% in the diagnosis of pulmonary tuberculosis (PTB).[@ref2] Direct observation under the microscope is not specific for tuberculous bacilli because mycobacteria are acid fast and they cannot easily be differentiated by physical characteristics. Culture is the gold standard for the detection of mycobacteria with a sensitivity between 70% and 90% in adult active pulmonary tuberculosis. Solid media culture require 3 to 8 weeks of incubation for detection of Mycobacterium tuberculosis (MTB) and liquid broth culture takes 1 to 3 weeks for growing the organism.[@ref3] Polymerase chain reaction (PCR) offers another technique for the direct detection of MTB in clinical specimens. For smear positive specimens, the sensitivity of PCR exceeds 95% but for smear negative cases, it varies from 40% to 77%. In both positive and negative sputum smears, the specificity of PCR remains over 95%.[@ref4][@ref5] Other diagnostic methods such as the efficacy of different mycobacterial specific antigens by serodiagnosis vary in their sensitivity.[@ref6]--[@ref9]

Patho-TB™ test is a direct observational method which can detect bacilli retained on a filter with antibodies directed against them. These antibodies are raised and purified against TB bacilli, especially 35, 65 and 85 kDa mycobacterial antigens. These antibodies are then made to react with a gold conjugate. The presence of bacilli is evidenced by the appearance of a central red-pink color on the filter. The objective of this study is to determine test performance characteristics of this rapid flow-through diagnostic method for the diagnosis of pulmonary tuberculosis.

Methods {#sec1-1}
=======

After getting the university ethics committee\'s approval, a prospective case-control study was conducted. All patients who admitted to the Boo-Ali hospital, Zahedan, Southeastern Iran, with a clinical suspicion of pulmonary tuberculosis or non tuberculous pulmonary infections from September 2006 to August 2007 were included for comparison.

One hundred and seventy eight patients were included in the study in which 67 were documented cases of PTB and 111 were patients with pulmonary infections other than tuberculosis as control group (mostly acute pneumonia and acute exacerbation of chronic bronchitis) ([Figure 1](#F1){ref-type="fig"}). Multiple sputum samples are usually collected from a single patient in the process of TB diagnosis. Patho-TB™ test, Ziehl-Neelsen staining and culture for mycobacterium tuberculosis were done on all specimens. Polymerase chain reaction based on detecting a 123-bp DNA segment belonging to insertion sequence IS6110 specific for MTB was just done in 42 sputum smear negative samples. Analysis of data was performed in confirmed PTB patients (63 culture-positive and 4 PCR-positive cases). Patients with pulmonary infections with negative acid fast bacilli (AFB) smear and culture results were included in the control group. None of the patients were HIV positive. Sputum samples from all the subjects were given code numbers. Decoding was done at the time of data analysis. Forty three patients in the TB group were sputum smear positive and the rest were sputum smear negative. We used the Patho-TB™ kits (Anda-RT mycobacteria Patho-TB, ANDA biologicals, Strasbourg, France) which were developed in collaboration with the Pasteur Institute of Iran. The whole test takes about 40 minutes at room temperature.
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### Laboratory Technique {#sec3-1}

The Patho-TB™ test was performed as the manufacturer brochure\'s following stages:

**1- Sample Decontamination and Neutralization:**

The sputum sample was treated for decontamination by the KUBICA method in which 2 ml of sample was put in a 50 ml conical centrifuge tube. An equal volume of Solublization/Decontamination Solution was added and mixed well by vortexing and incubating for 20 minutes on an orbital or turning agitator.

Neutralization was done with 18 ml dNS. Centrifugation was done for 20 minutes at 4000 rpm at room temperature. The supernatant was discarded and 1 ml of pellet was kept. At least 0.2 ml aliquot of the re-suspended pellet was kept to perform the rapid Patho-TB™ test and the rest was used to seed culture and perform other required diagnostic test.

**2- Re-suspended Pellet Treatment:**

The re-suspended 0.2 ml aliquot was diluted in 1 to 5 volumes of dNS. Then 0.1 ml of diluted aliquot was transferred to a boiling-resistant microtube. Subsequently, an equal volume of negative control and rehydrated positive control were transferred to two other boiling resistant microtubes. From dissolving solution, 0.1 ml was added into each microtube and vortexed. A small hole was made in the cap of the microtube with a needle. The microtube was placed on a floating support and boiled for 20 minutes. The rapid Patho-TB™ test was performed with those treated samples following the procedure presented in the following section.

**3- Rapid Test on The Cartridge:**

Only one pre-filter was placed in the center of each cartridge (Filtering Unit). The pre-filter square should be imprinted side up. This pre-filter was essential to retain large particulate matter that would clog the filter. A funnel was made on the pre-filter by snapping it securely in place on the cartridge without damaging the pre-filter. The treated aliquot was transferred in the funnel immediately after the boiling step. Then the pre-filter was washed with 2 drops of washing solution. Thereafter, the funnel and the pre-filter were removed and a second wash was done with 2 drops of washing solution. Then 3 drops of antibody solution was added. After absorption and washing, 3 drops of the gold conjugate solution was added. After the last liquid washing and absorption, the results were read immediately. A red-pink color at the filter center, as mentioned earlier, indicated the presence of tuberculous bacilli in the processed sample.

**4- Result Interpretation:**

The color intensity is proportional to the number of antigens in the sample. It is classified into three categories: (+) a visible central pinkish color, lighter than the control; (++) a pronounced central pinkish red color, similar to the control; and (+++) a central purple-red color, darker than the control. When the result of a test was compatible with the first category, the test should be repeated. The second and the third categories were recorded as positive. The negative samples yielded a white central region. The appearance of a red or pink ring with or without a red-pink central area is an artifact that does not influence the results and should be considered negative.

### Statistical Analysis {#sec3-2}

Data were analyzed using the SPSS software for Windows, version 11.5 (SPSS Inc, Chicago, IL, USA). We carried out Chi squared or Fisher exact tests for comparing categorical data. The diagnostic performances of the test characteristics including sensitivity, specificity and positive and negative predictive values were measured. A two-sided significance level of 0.05 was used.

Results {#sec1-2}
=======

One hundred and seventy eight patients were enrolled in the study who were finally classified into two groups; a group of documented pulmonary tuberculosis (n = 67) and a group of non-tuberculous pulmonary infection (n = 111). The mean age of the TB patients was 58 ± 17 years and 42% of them (28 patients) were men. The mean age in non TB patients was 60 ± 15 and 46% of them (51 patients) were men. Twenty (11%) of the patients were from Afghanistan and the rest were Iranian. The major presenting clinical features were cough and fever. Anorexia, weight loss, hemoptysis and malaise were significantly higher in the TB group but fever was more presented in the non-TB group ([Table 1](#T1){ref-type="table"}). Other clinical manifestations between two groups were not statistically relevant. Positive reactions to PPD skin test (more than 10 mm) and presence of BCG scar were seen in 62% and 37% of PTB group comparing to 54% and 45% in non-TB group, respectively (p \> 0.05) ([Table 1](#T1){ref-type="table"}). The sensitivity, specificity, PPV and NPV of PPD test versus culture were 63%, 46%, 41% and 67%, respectively. As it was shown in [table 1](#T1){ref-type="table"}, 43 out of 67 PTB patients had positive direct smear examination. The sensitivity of sputum smear examination was 64% versus 90% in patho-TB test but the specificity was 100% versus 70%.

###### 

The most common clinical findings of pulmonary tuberculosis and non-tuberculous patients
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The results of Patho-TB™ test were positive in 40 of smear positive and 20 of smear negative tuberculous patients and 33 cases of non-tuberculous control group. Four specimens in control group were positive which were retested and only one specimen was reported positive at the end. The sensitivity of Patho-TB™ test in sputum smear positive and negative PTB was 93% and 83%, respectively. Specificity of the test was 70% and positive predictive value ranged from 38% in sputum smear negative PTB to 65% in the total number of PTB patients. The negative predictive value was more than 90% in each group ([Table 2](#T2){ref-type="table"}).

###### 

Test performance characteristics of PATHO-TB test in PTB patients and control subjects
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Discussion {#sec1-3}
==========

Among communicable diseases, tuberculosis (TB) is the second leading cause of death worldwide, killing nearly 2 million people each year. About one-third of the world population is infected with TB in which 10% progress toward active disease. Most of these patients are living in underdeveloped countries of the world.[@ref10] The incidence of total PTB and sputum smear positive PTB were estimated about 53.4 and 22.4 per 100,000 respectively in the study region during 2006.[@ref11] The definite diagnosis of pulmonary tuberculosis is difficult because of low sensitivity of sputum direct examination. Despite the low cost and easy performance of direct sputum smear microscopy, it has a sensitivity of 61.3-63.4% and specificity of 97.3-97.4% and is being used as the primary diagnostic test for the diagnosis of PTB.[@ref12] Culture requires several weeks to provide results and other complex tests such as PCR are expensive and rarely available in low income countries. World Health Organization targets 70% of case detections and 85% of successful treatments and they are not likely to be achieved with the existing methods of diagnosis.[@ref13] Attempts to develop a rapid and inexpensive diagnostic method with high sensitivity and specificity are still highly desirable for the diagnosis of PTB.

Serological tests might be based on antigen or antibody. Different methods by using new reagents or purified antibodies try to provide high sensitivity and specificity for the tests comparable to direct smear microscopy or AFB culture.[@ref14] There are many different free mycobacterial antigens which can be detected in different types of body fluid. The most commonly used antigens are lipoarabinomannan (LAM, MycoDot™ serologic test), antigen 5 (38 kDa, Pathozyme-TB™ ELISA test and ICT diagnostics™), LAM and 38 kDa (Pathozyme-Myco™ ELISA test), A-60 antigen (Antigen A-60™ ELISA test), 45/47 kDa antigen, KP90 antigen, 30 kDa antigen, P32 antigen and some other antigens.The standard methods used for those different antigen assays include sandwich ELISA, inhibition ELISA, latex agglutination and reverse passive hemagglutination tests.[@ref14]--[@ref16] Dipstick method had a sensitivity and specificity of 93% and 95%, respectively.[@ref17] Recently it was reported that Patho-TB™ test has a reasonable sensitivity and specificity. Among 310 TB patients, the sensitivity of Patho-TB™ was 91.1% comparing to direct examination that was 91.8% and the specificity was 85.5% versus 100%.[@ref18] Direct examination in that study was done by auramine staining which was confirmed by Ziehl-Neelsen in positive specimens but in the present study only Ziehl-Neelsen staining for direct examination was performed. Sensitivities in both of these studies revealed approximately similar results but the specificity was lower in the present study.

In the present study, the sensitivity of Patho-TB™ test was 90% in contrast with 64.1% for the direct smear method. The higher sensitivity, coupled with prompt response, low cost and easy performance, will enable the identification of a sizeable number of pulmonary tuberculosis. Another advantage of the test is using just a small amount of sputum (0.2 ml). In order to have good sensitivity, the antibodies used in this test are polyclonal. These antibodies are raised and purified against TB bacilli, especially 35, 65 and 85 kDa mycobacterial antigens, but can also react with other mycobacterial species. Thus it is necessary to analyze results together with the clinical data of each patient to obtain a complete diagnosis. Concerning the high number of false positive, using a confirmatory diagnostic procedure like culture in association with clinical features is mandatory.

None of the patients in this study were HIV positive so a study in immune compromised patients with several opportunistic infections is recommended. As mentioned earlier, performance of anti-mycobacterial antibody test revealed contradictory results, regardless of type of tuberculosis. The value of detection of specific IGG or IGM antibodies against antigenic particles of Mycobacterium tuberculosis revealed different results.[@ref19]--[@ref23]

Rapid immunochromatographic test (ICT) for detection of antibodies directed against MTB antigens and MTB-specific enzyme-linked immunospot assay, with early antigenic target-6 and culture filtrate protein-10 peptides are two other different new diagnostic methods for TB.[@ref24][@ref25] Despite all these different types of rapid diagnostic tests, newer and more accurate methods of diagnosis are still needed.

Although clinical manifestations in [table 1](#T1){ref-type="table"} such as malaise, anorexia, weight loss and hemoptysis showed a significant difference between PTB and control groups, they are not characteristic for TB. Positive tuberculin skin test in our study also did not show any significant difference and the results of diagnostic performance characteristics were much lower than Patho-TB™ test results. Although Sputum smear examination was highly specific (100%), it was just 64% sensitive.

Conclusions {#sec1-4}
===========

Higher sensitivity of this new rapid flow-through method comparing to direct smear microscopy of AFB, might enable using Patho-TB™ test for rapid diagnosis of PTB as a screening test along with traditional diagnostic tests. Positive predictive values of the test are low therefore patients with positive Patho-TB™ test need a confirmatory test such as sputum culture to confirm the diagnosis of PTB. Concerning the high percentage of NPVs, it would be possible to rely on them for patients with a negative Patho-TB™ test and clinical manifestations which are not suggestive of PTB. Further studies on larger number of sputum smear negative PTB patients are required to clear the characteristic performance of Patho-TB™ test.
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